, or 15.5% ofthe total land area in 21 counties studied at an average cost of 46 cents for each sheep or goat protected. Heaviest losses to predators occurred from October to May when small lambs were present; control efforts were most successful during winters. An estimated cost-benefit ratio to measure the effectiveness of the ADC program was 1:4.5 for 1975. We observed that losses to predators were lowest when annual precipitation was highest; high losses coincided with dry years, which were probably the periods of lowest wild prey abundance.
Increasing sociological and political controversy about predator control from local to Congressional levels has increased the need to evaluate the effectiveness of control efforts. This paper analyzes records from a continuing cooperative federal-state program in 2 1 Texas counties to evaluate the effects of present control methods in this country's largest and most concentrated sheep and goatraising area. In other parts of the West, detailed loss studies in three no-control situations and several areas with unmeasured controls have provided views (discussed later) of several aspects of predation. We add to that information by providing some insight from the broad view of a control organization as opposed to individual ranch studies of loses to predators.
Methods
The study area included three counties each of seven levels of sheep density as determined by an earlier study (Pearson 1975) . The 21 counties included three having the highest sheep densities in the West in 1972, but also included counties lying adjacent to or near the Edwards Plateau with sparse sheep populations (Tables 1  and 2 ; Fig. 1 ). The goal of choosing an orderly band of adjacent counties extending across the Edwards Plateau was not achieved because control records of two or more counties were sometimes irreversibly combined; therefore they could not be treated as separate comparable units. Nevertheless, the sample was probably representative of the seven levels of sheep density in Texas and the Southwest.
When records were first examined, rough calculations indicated that, where present, about as many angora goats were killed by predators as were sheep; consequently, data for goats and sheep were combined.
Furthermore, since control methods protected both species (nearly one-third were goats), it was not possible to evaluate the program without considering both goats and sheep.
Similarly, because records of predation by bobcats (Lynx rufus) and costs to control them could not be separated from similar records for coyotes (Canis latrans), costs of control were combined for the two species. Except in a few areas, control operations were directed primarily at the coyote.
Calendar year 1971 was chosen to represent conditions for the year preceding the presidential ban on use of toxicants for predator control (Executive Order No. 11643, February 8, 1972) , and 1973 and I974 were chosen to reflect conditions after the ban. However, ADC personnel collected the ADC-protected area data for 1975-76 (Table 2 ) when it became obvious that biased conclusions were being drawn from incomplete data such as unknown numbers of sheep and goats as well as unknown land areas being protected by ADC operations. The ADC-protected area data for 1975-76 present the most complete portrayal of the Texas predator control program.
Records of ADC do not include all livestock losses because ADC operations are not under signed agreements to control predators for all livestock owners. Also, field workers who answer control requests normally apply controls, but usually do not have time to make extensive searches for later losses. Therefore, these data include only a partial listing of losses that occur in spite of controls.
Costs (Table I) do not always agree with ADC figures that may include herd changes during the fiscal year. 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 shown that when sheep numbers decreased, many sheep ranchers turned to raising cattle (Stevens 1971; Pearson 1975; Stevens and Hartley 1976) . In the 21 counties, cattle numbers increased 27.4% between 1971 and 1976 (Table I) , and calf losses also reportedly increased in 1975 (Table 4) .
In 1975 about 15.5% of the land in this area of concentrated sheep and goat-raising was under written agreement with ADC for possible control work to protect about 40% of the sheep and goats in the 21 counties (Table 2) . It is unlikely that other sheep and goat ranchers' control efforts would be as intensive as those of the federal cooperative program. A separate study of those ranches would be necessary to determine the extent of their controls and losses. An early draft of a USDA study (Gum et al. 1978) indicated that ranchers using cooperative federal control programs generally had lower predator losses than did other ranchers, but the lack of basic, factual data often prevented clear, well-founded conclusions.
The percent reduction by ranchers of numbers of sheep and goats from 1971 to 1976 was generally far less in counties having high sheep and goat populations than in counties having low populations (Table 1) . However, losses to predators (Table 4 , Fig.  2 ) did not follow a similar pattern; largest percent losses to predators occurred in the low-and medium-density sheep-and goatraising areas, despite more intensive control efforts there. An associated seemingly contradictory finding is that due primarily t,? intensive control efforts usually more coyotes were taken in counties with few sheep and goats (Table 4 , Fig. 2 ) than in counties with more sheep and goats in which the heavier losses occurred.
Apparent inconsistencies
in the seven different livestock density areas are explained by more explicit observations and considerations of geography and habitat. There probably are advantages, such as better predator control, in raising large numbers of sheep and goats near the center of the Edwards Plateau. Sheep and angora goats have been raised for decades in counties with highest sheep and goat densities on and immediately adjacent to the edge of the Edwards Plateau. The concentration of woven wire fencing has impeded the travel of coyotes and has helped maximize control efforts where the centrally located counties "have contained the lowest known densities of coyotes west of the Mississippi" (Anderson et al. 1974 ). As Anderson et al. (1974) pointed out, however, counties adjacent to the Plateau serve as the first line of defense to prohibit ingress of coyotes into the country most heavily populated with sheep and goats, and coyote controls are used as intensively as funds permit to keep coyote populations as low as possible. The past history of predator control is readily depicted in 1971 when only 13 sheep and goats were killed in the tri-county area with the highest average density of sheep and goats, and only 16 coyotes and 39 bobcats were taken (Table 4) at great expense while about 175,000 animals were being protected.
The counties with highest percentage losses to predators were those with medium-and low-density shee.p and goat populations located on the edges and adjacent to the Edwards Plateau. The irregular, brushy terrain is often grazed only by sheep and goats, but it is also good predator habitat; this obviously places livestock in a hazardous position insofar as predation is concerned.
Another reason why large numbers of coyotes were killed in those counties having few sheep and goats was the reported need to protect increasing numbers of cattle and calves (Table 1) . Coyotes taken to protect cattle are not usually distinguishable from those taken to protect sheep and goats in the same area, and despite large coyote kills, calf losses remained the same or increased (Table 4) . Calf losses to coyotes were consistently greatest in counties lying near the Edwards Plateau where the annual coyote abundance survey has continually recorded high coyote densities (Roughton 1976) , but where cattle numbers have been about the same as in other areas. It should be emphasized that the loss of a cow or calf usually represents several times the economic loss of a sheep or goat (Table 1) .
Seasonal losses generally reflect the availability of lambs, and in the present study differ in varying degrees from most other western states. Because western range lambs are usually born in the spring, losses in most states are highest in spring and summer (Nass 1977; Tigner and Larson 1977) . In Texas (and parts of California, Arizona, and other states), many sheep herds are managed to yield large numbers of lambs for market in spring when lamb prices are high. For example, the Texas early lamb crop (for Easter markets) was listed as 770,000 between October 1, 1974, and March 1, 1975, or about half of the 1,500,OOO lambs produced in Texas in all of 1974 (Anonymous 1975) . Sheep and goat losses to coyotes and bobcats reflect this winter and spring availability; combined seasonal predator losses for 4 years were 56.8% of the production years'total in December through May (Table 3) . A study of losses on seven California ranches, all with early lambing, showed that losses from December through March were 94 and 82% of total predator losses in 2 production years (Nesse et al. 1976 ). Seasonally, the loss pattern differed in 1973 and 1975, when, with one county's exception, fewer sheep were lost to predators in the first 6 months (33 and 3 l%, respectively) than during the same period in other years. Table 5 shows the inverse relationship between precipitation (U.S. Weather Bureau 1971-76) and the proportion of predator kills that occurred during the first 6 months of each year, 197 l-75. When first half-year precipitation was about normal (1973 and 1975) , only one-third of each year's predator kills occurred in the first half-year, even though that was the period of greatest exposure of lambs and kids to predation. In 1971 and 1974, 61% or more of the year's predator kills occurred in the first half-year periods when precipitation was well below normal. Possibly the average and above-average precipitation in 1973 and 1975 produced abundant vegetation for rodent and rabbit populations, which normally respond quickly to increased food availability. In 1971 and 1974, however, inadequate moisture during the first half-years may have curtailed vegetative growth, which in turn produced deficit wild prey populations, thereby causing predators to turn to livestock for food despite the persistent pressure of the predator control program.
These data can only indirectly relate to studies that link predation with natural prey availability.
In Nevada, Kauffeld (1977) found that coyote predation on domestic sheep was highest in a study area with the lowest natural prey:predator ratio. In Texas, Gober (1979) Turkowski and Vahle (1977) , with rodent trap-catch data obtained annually in December for 22 years in southern Arizona, showed that, "The total rodent populations of the years following 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 1971 1973 1974 1975 197 lowest rainfall was about half that following the high rainfall years." Based on the several cited studies, we believe that in 1975, for example, when the previous fall, winter, and spring precipitation was well above average and adequate for the whole year (Table  5) , and livestock losses were the lowest of the study (Table 4 , Fig.  3 ), wild prey numbers were probably high and could have produced a buffering effect that reduced sheep and goat losses to predators.
Although there was year-around effort, predator control was generally most successful during winter (Fig. 4) and predators were most difficult to capture during the summer. Of the 6,661 coyotes taken during the main 4 study years, 36,27, 13, and 24Y0 were taken in the winter, spring, summer, and fall, respectively; this seasonal control was similar for bobcats. Several factors probably contributed to this success pattern, including the fact that naive juveniles normally make up about half of the fall populations (Knowlton 1972) . In addition, young coyotes disperse in fall and winter, and are probably more susceptible to capture in strange environments. Also, natural predator foods are becoming scarce, and the predator's wide-ranging, foraging trips come at a time when leafless vegetation makes them more visible to control personnel than in the summer.
Although not shown in tables, costs for reducing coyote populations would be lowest during the winter on areas such as range lambing grounds and early summer grazing pastures where general population reduction is the goal.
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Bobcat predation on livestock was erratically significant in only a few counties; 13 sheep or goats were lost to bobcats in and 100 in Runnels. Of 85 sheep or goats lost to bobcats in the first half of 1976, 77 were taken in Edwards County.
Except in local areas, control operations during the reporting period were seldom directed specifically at the bobcat. It is, however, both easily trapped and usually considered a predator, so it was seldom released. (As recent policy changes have dictated, most bobcats are now being released unless they are causing losses locally.) In addition to predation on lambs and goats, bobcats sometimes take poultry; in 1974, for example, bobcats took 48 chickens and 40 turkeys.
The coyote also destroys more than the sheep, goats, and calves shown in Table 4 . For example, in 1974 coyotes reportedly took 7 14 turkeys, 4 chickens, 15 melons, I horse, and 1 deer in the 21 counties.
In 3 of the 4 years of the present study, a proportionally larger number of goats were killed than are represented by their total numbers in the 21 counties. In , 1973 , respectively, of the total sheep and goats in the 21 counties, losses to predators were 47.1, 30.6, 33.5, and 52.1% of the total reported sheep and goat losses in those same years. This generally higher percent loss of goats may indicate a preference for goats, or a greater vulnerability of goats because they are smaller than sheep. However, Shelton (1972) indicated that a lower loss of sheep (3.4a/o) than goats (4.9%) to coyotes might be because sheep were the more valuable species and were given the greater protection.
In addition, nannies usually leave their kids behind while they go to water and often while feeding, whereas ewes and lambs remain together most of the time, thereby affording lambs better protection.
Pertinent Information from Other Sources
For most practical purposes, toxicants used for predator control were banned in 1972, and the general belief is that numbers of predators, particularly coyotes, have since been increasing. Some of these are general observations which lack factual evidence of population changes, but ranchers report increasing livestock losses to coyotes as evidence of increasing coyote numbers. In addition, annual reports of the federal ADC program from several states, as well as reports in the National Wool Grower magazine (July and December 1974; April, July, November 1975) have indicated that increasing coyote numbers are primarily responsible for increasing livestock losses. Gee et al. (1977) reporting on a survey of about 9,000 sheep producers in 15 western states, indicated that a third of total lamb deaths (728,200) and a fourth of adult sheep deaths (229,400) were attributed to coyotes in 1974; 11.4% of all lambs and 3.4% of all adult sheep were reportedly killed by predators.
Factual evidence of changing coyote numbers come from over 400 (in 1976) coyote survey lines (Linhart and Knowlton 1975) which have been run annually since 1972 in the 17 western states. Roughton (1976) 'ND = no data.
index of five comparable lines run in four of the 21 counties in the present study varied greatly. The average index of these five lines increased more than 18% between 1972 and 1973, increased another 20% between 1973 and 1974, decreased nearly 4% from 1974 to 1975, then decreased nearly 2 1% between 1975 and 1976; in I976 it was within two points of the beginning (1972) 
Costs for Control
An estimate of total costs was derived from the 1975-76 data and used to obtain an estimate of the efficiency of the ADC program, sometimes expressed as the cost-benefit ratio. Sources of funds could not be determined at disbursement, but total income for livestock protection in all Texas in fiscal year 1976 ($1,699,255) was one-third federal and two-thirds state and cooperative funding (U.S. Fish and Wildlife Service 1976) .
Direct costs for salaries and expenses of ADC field workers in the 21 counties were $201,689 in 1975, or an expenditure of 46 cents for each sheep or goat protected (Table 4) . Nass (1977) reported that in Idaho similar predator control funding varied from 60 to 90 cents per adult sheep, plus some additional unknown rancher expenses. His estimates were for adult sheep, whereas those in the present study also include lambs in most instances. A combined total of 1, I72 sheep and goats were killed by coyotes and bobcats in 1975 with an estimated average minimum value of $25 each, or a total loss value of about $29,300. These two cost figures-salaries and expenses plus losses-total nearly $23 1,000, but do not include some likely, but unknown, ranchers' control costs. Some proportional part of the District Supervisors' salaries should also be added, as well as part of the salaries and expenses of the State supervisor's office. Perhaps the 2 1 -county share is $30,000, and the estimated total ADC program cost was about $260,000. This estimate raises the protection cost to 59 cents per sheep.
The benefits are difficult to assess because apparently only 5 years of data (none in Texas) from three studies of sheep herds with no predator control are available (Henne 1975; De Lorenzo and Howard 1976; Munoz 1977; McAdoo and Klebenow 1978) from which base figures can be obtained. These figures may not be completely applicable, but with no better information available, and to have some basis for comparison, we offer the following values: The average annual sheep and lamb loss to predators for 2 complete years of study with no predator control in New Mexico, 2 years in Montana, and 1 summer (113 days) in California was 10.7% (range, 3.8 to 20.8%). In the Montana study (Henne 1975; Munoz 1977) , new ewes were added in January of each year which we did not include in figuring total flock numbers because limited predator control was also allowed from October 15-March 14 in the first study year, and more coyote controls were used in the second year. Although coyotes were not taken during the damage season, nine were killed in the first year, and 44 in the second year, so it is likely that the "no-control" designation was not valid for either year. The loss of "new ewes" to predators was low, and would undoubtedly be more than offset by the use of controls in this "no-control" study. Because the New Mexico study area covered only seven sections, neighboring predator control efforts probably biased results downward in that study. The short California study (less than one-third year) undoubtedly also helps to produce a very minimum 10.7% loss figure.
If one applies the 10.7% predator loss to the 438,649 sheep and goats in the ADC-protected areas of the 21 Texas counties, a loss of 46,760 sheep and goats worth about $1,169,000 would be expected if no controls were used. A comparison of this value with the estimate of about $260,000 in control costs plus the value of sheep taken by predators yields benefits equal to about 4.5 times the costs, or a cost-benefit ratio of 1:4.5. Although no special studies were made to determine the effects of predator losses on the area's economy, Nielsen and Curie (l970),
